We investigated whether there were consistent differences in the physiological and anatomical traits and phenotypic variability of an invasive (Prosopis juliflora (Sw.) DC.) and native species (Anadenanthera colubrina (Vell.) Brenan) in response to seasonality in a tropical dry forest. The water potential, organic solutes, gas exchange, enzymes of the antioxidant system, products of oxidative stress and anatomical parameters were evaluated in both species in response to seasonality. An analysis of physiological responses indicated that the invasive P. juliflora exhibited higher response in net photosynthetic rate to that of the native species between seasons. Higher values of water potential of the invasive species than those of the native species in the dry season indicate a more efficient mechanism for water regulation in the invasive species. The invasive species exhibits a thicker cuticle and trichomes, which can reduce transpiration. In combination, the increased epidermal thickness and the decreased thickness of the parenchyma in the dry season may contribute to water saving. Our data suggest a higher variability in anatomical traits in the invasive species as a response to seasonality, whereas physiological traits did not present a clear pattern of response.
Introduction
Phenotypic plasticity is the capacity of individuals to express different phenotypes under different environmental conditions. These variations in phenotypes may be morphological and/or physiological ones (Bradshaw 1965 , Valladares et al. 2006 . Consequently, phenotypic plasticity has been associated as a major process driving for ecological diversity in two ways: first, plasticity could make it reduce speciation by protecting genotypes from environmental pressures; and second, plasticity may enhance diversity by affecting selection of new genotypes from diverse phenotypes. The shift between the two possibilities depends on the specific environmental contingencies, as well as the plasticity capacity of the individuals involved in the process (West-Eberhard 1989, Souza and Lüttge 2015) . Additionally, plasticity may be an adaptive strategy for dealing with the fluctuation of resources (Williams et al. 1995) , allowing successful growth in new environments after colonization (Agrawal 2001, Yeh and Price 2004) . However, plasticity has its intrinsic costs, thus it is not always and not necessarily adaptive (Novoplansky 2002) .
According to Hulme (2008) , the higher the plasticity of an exotic species the greater the likelihood it will become invasive, because high plasticity may allow the plants to deal with fluctuating resources. For instance, invasive species may overcome native species in environments where plant growth is severely limited by water or nutrient availability in soil (Davis et al. 2000) and, on the other hand, increased water supply in dry regions often increases the invasibility of vegetation (Harrington 1991 , Hobbs and Mooney 1991 , Li and Wilson 1998 , Davis et al. 1999 , Dukes and Mooney 1999 . There are several studies comparing the responses to environmental changes in invasive and non-invasive plants, but with different results concerning plasticity in both groups of species (Niinemets et al. 2003 , Davidson et al. 2011 .
Therefore, plants' ability to express different phenotypes in different environments is an important topic in the study of biological invasion and has been widely considered as a key feature to explain why invasive alien species are so successful in their new communities (Williams et al. 1995 , Valladares et al. 2000 , Sakai et al. 2001 , Niinemets et al. 2003 ). An accurate phenotypic plasticity analysis is not an easy task, especially under natural environmental conditions, because of the need to control genetic variability among species and to control the environmental conditions in which the individuals are immersed. In natural environments, coefficient of variation (CV) analysis can be an useful tool for exploring phenotypic variability in general, as an alternative to estimates of phenotypic plasticity based on norms of reaction (Schlichting 1986 , Valladares et al. 2002 . Higher CV values correspond to higher variability of the trait, allowing an practical measure of relative phenotypic variation as an indicator of plasticity.
The Fabaceae have the largest representation of native and exotic species in Brazilian tropical forests. Two representative species of this family were selected for this study: an invasive tree (Prosopis juliflora (Sw.) DC.) and a native tree (Anadenanthera colubrina (Vell.) Brenan). Prosopis juliflora is native to Central America, northern South America and the Caribbean Islands (Burkart 1976) , and was introduced into Brazil as a supplementary food for grazing animals. Prosopis juliflora has been classified as an aggressive alien species, and now occupies millions of hectares in Africa, Australia, Asia, India and Sudan (Pasiecznik 2001) , and is one of the five most common invasive species in Brazil. Prosopis juliflora invasion has a strong impact on caatinga forest biodiversity as it dramatically decreases the richness of native trees and shrubs (Pegado et al. 2006 ) and compromises the ability of native vegetation to regenerate (Andrade et al. 2010) . The native species A. colubrina is a formerly dominant tree with economic importance for timber, charcoal production and folk medicine (Delgobo et al. 1998 ). Due to environmental degradation, including competition with invasive species, the population of this species has declined significantly, and the tree is considered endangered (Rodrigues and Osuna 2004) .
The Brazilian semiarid region represents an environment with highly dynamic resource availability, resulting in a wide variation in plant metabolism. Thus, changes in compatible solutes, gas exchange, chloroplastidic pigment concentration (Garg et al. 2004 , Oliveira et al. 2014a , nutrient concentration (Oliveira et al. 2014b) , stomatal traits, mesophyll and epidermis thickness, cuticle (Bosabalidis and Kofidis 2002) , and enzymatic and non-enzymatic changes of the antioxidant system (Keunen et al. 2013 ) may increase the performance of a plant species under favorable or stressful conditions. Under such conditions, the ability to adjust numerous morphological and ecophysiological traits is expected to increase the probability of exotic species becoming invasive, especially in environments in which plant growth is severely limited by soil water or nutrient availability (Davis et al. 2000) .
Our main goal was to distinguish the species-specific strategies and to explore the ecophysiological mechanisms that support drought tolerance by examining the leaf physiological and morphoanatomical traits under the seasonality of a semiarid environment. We hypothesized that the invasiveness of the exotic species P. juliflora, which has overcame the native species A. colubrina in caatinga forest, is supported by higher phenotypic variability in leaf traits (both physiological and anatomical) in response to seasonality.
Materials and methods

Study area and plant material
The tree species, an invasive (P. juliflora) and a native tree (A. colubrina), were sampled at an altitude of 429 m in northeast Brazil (7°54′35′S, 38°17′59′W). The climate type is BSh according to the Köppen-Geiger classification with an average annual rainfall of~750 mm, and the soil is classified as silt loam. Five adult plants of each species were sampled on nine different dates between February 2010 and April 2012 to capture the range of responses to different rainfall conditions in this highly dynamic ecosystem. The individuals of each species were within a radius of 30 m from each other, and the central points of both populations (native and invasive) were 100 m apart. Although it is nearly impossible to determine the age of the individuals in a natural tropical semiarid forest, all of the sampled trees were in the reproductive/mature stage and were nearly in the same position in the canopy forest.
We selected the 2 months with the best representation of dry (July 2010) and rainy (April 2011) conditions based on the amount of accumulated rainfall in each month. The cumulative monthly rainfall was 24 and 148 mm, and average temperature of 24°C and 25°C in the dry and wet months, respectively. The photosynthetic photon flux density (PPFD) was 696 (morning) and 1566 µmol m 
Physiological and anatomical measurements
The xylem water tension was measured on a branch with a fully expanded but not senescent leaf from the middle shoot of the plant using a Scholander pressure chamber (Soilmoisture Equipment Corp., Santa Barbara, CA, USA). Measurements were performed in the morning and afternoon, at 07:00 and 14:00 h, respectively, and were assumed to represent the leaf water potential (Ψ).
The gas exchange was measured on a mature but not senescent, fully expanded leaf from the middle of the plant using a portable infrared gas analyzer (IRGA, model LCi-pro; ADC BioScientific Ltd, Hoddesdon, UK). The gas exchange was measured from 08:00 to 09:00 h (morning) and 14:00 to 15:00 h (afternoon) at a constant PPFD that was matched to the daily ambient conditions, as described above, with the artificial light source of the broad leaf chamber. The temperature and VPD were not under control, matching the local atmospheric conditions. The water-use efficiency (WUE) was calculated by dividing the net photosynthetic rate (A) by transpiration rate (E).
Immediately after the gas exchange measurements, 3 g of fresh leaf samples was frozen in liquid nitrogen and stored at −80°C until further analysis. The chlorophyll (Chl) a and b and carotenoid (Car) contents were analyzed by macerating 80 mg of leaf tissue in 2 ml of acetone (80%) with CaCO 3 to prevent chlorophyllase activity. After maceration, the samples were filtered, and the absorbance was measured at 470.0, 646.8 and 663.2 nm using a spectrophotometer (GENESYS 10S UV-Visible spectrophotometer, ThermoFisher Scientific, Waltham, MA, USA). Additionally, the non-specific absorbance at 710 nm was recorded to correct for color, turbidity and contaminating compounds, as Chl a, b and carotenoids do not absorb light at this wavelength. The final pigment concentrations were calculated following Lichtenthaler and Buschmann (2001) . Leaf tissue (10 mg) was used to prepare the ethanol extract for measurement of free amino acids (FAA), soluble sugar (SS) and starch. Soluble sugar was measured according to Dubois et al. (1956) using D(+)-glucose as a standard. Free amino-acid analyses were performed according to Moore and Stein (1948) using a 1 mM solution of glycine, glutamic acid, phenylalanine and arginine as a standard. The insoluble fraction from the extraction of SS was used to determine the starch content; the pellet was hydrolyzed for 1 h with 10 units of amyloglucosidase, and the resulting sugars were analyzed a second time (Dubois et al. 1956 ) using D(+)-glucose as a standard. To determine the leaf total soluble protein (TSP) content, we extracted 50 mg of leaf tissue in a buffer consisting of 10% (v/v) glycerol, 0.1% (w/v) bovine serum albumin, 0.1% (v/v) Triton X-100, 50 mM HEPES/KOH (pH 7.4), 5 mM MgCl 2 , 1 mM EDTA, 1 mM EGTA and 5 mM dithiothreitol. The leaf TSP content was estimated according to the method of Bradford (1976) using bovine serum albumin as a standard. To measure nitrogen, phosphorus and potassium, the leaves were dried at 80°C until a constant weight. Then, the leaves were pulverized, samples weighing 250 mg were extracted using sulfuric acid, and the nutrient concentrations were determined colorimetrically (Thomas et al. 1967) .
Total superoxide dismutase (SOD, EC 1.15.1.1) was extracted from 100 mg of leaf tissue in a buffer consisting of 100 mM K-phosphate, 0.1 mM EDTA, 5 mM dithiothreitol, 10 mM 2-mercaptoethanol, 0.1% (v/v) Triton X-100 and 30% polyvinylpyrrolidone. The SOD activity was determined by measuring the inhibition of the photochemical reduction of Nitro-blue tetrazolium at 560 nm (Giannopolitis and Ries 1977) . The enzymes catalase, ascorbate peroxidase, peroxidase and polyphenol oxidase were extracted from 50 mg of leaf tissue in a buffer consisting of 100 mM K-phosphate, 2 mM EDTA, 20 mM ascorbic acid and 30% polyvinylpyrrolidone and kept refrigerated until the analysis of activity. The catalase (CAT, EC 1.11.1.6) activity was estimated with temperature control at 30°C by measuring the decomposition rate of hydrogen peroxide at 240 nm using an extinction coefficient of 36 mM −1 cm −1 (Havir and McHale 1987) . The activity of L-ascorbate peroxidase (APX, EC 1.11.1.11) was measured with temperature control at 25°C by reducing hydrogen peroxide to water using ascorbate as a reducing agent and by monitoring the decrease in absorbance at 290 nm; the enzyme activity was calculated using an extinction coefficient of 2.8 mM −1 cm −1 (Nakano and Asada 1981) . Peroxidase (POD, EC 1.11.1.7) and polyphenol oxidase (PPO, EC 1.14.18.1) were measured with temperature control at 25°C at an absorbance of 420 nm as the amount of purpurogallin formed; this value is expressed in units of activity, where one unit is defined as the change in one unit of absorbance per second (Kar and Mishra 1976) . The proline content of 20 mg of leaf tissue was determined using the acid-ninhydrin method (Bates et al. 1973) . To assess the cellular damage, we measured the accumulation of malondialdehyde (MDA) and hydrogen peroxide (H 2 O 2 ) using 100 mg of tissue. The MDA content was determined using the thiobarbituric acid (TBA) test, which measures MDA as a final product of lipid peroxidation. The amount of the MDA-TBA complex (red pigment) was calculated using an extinction coefficient of 155 mM −1 cm −1 (Cakmak and Horst 1991) . The hydrogen peroxide accumulation was measured spectrophotometrically after reacting with potassium iodide (Alexieva et al. 2001) . Fully expanded leaf samples that were exposed to the sun, but were not senescent, were collected from five adult individuals and fixed in FAA50 for 48 h, followed by storage in 70% ethanol. These leaf samples were of the same leaves used in physiological measures. The samples were dehydrated in an ethanol-butanol series, embedded in paraffin and sectioned transversely using an 8-μm Zeiss rotary microtome (model HYRAX M55). The sections were stained using 1% astra blue and safranin 1% and were placed on semi-permanent slides using Canada balsam (Purvis et al. 1964) . The dissociation of the epidermis was performed in a solution of hydrogen peroxide and acetic acid (1:1) (Franklin 1945) . After the loss of natural color, the material was washed in distilled water and stained with safranin (1%). The semipermanent slides were mounted in 50% glycerin (Purvis et al. 1964) .
Leaf anatomical structures were recorded using a Leica digital imaging system (LAS EZ Version 2.0.0 ICC 50) that was coupled to a photomicroscope (Leica Microsystems, model DM500, Wetzlar, Germany), and the images were analyzed using ImageJ software Version 1.47r. The stomatal and epidermal cell densities were determined in 20 randomly selected microscopic fields of view using a 40× magnification. The stomatal index was estimated as (number of stomata/(number of stomata + number of epidermal cells)) 100 × per unit area (Salisbury 1928) . Stomatal length, height and area and the area of the stomatal complex (stomata with subsidiary cells) were measured in 20 randomly selected microscopic fields of view using a 100× magnification. Stomatal pore index (SPI; a dimensionless index of stomatal pore area per lamina area measuring the stomatal conducting capacity of the leaf) was calculated as (stomatal density) × (guard cell length) 2 on the surface of the lamina (Sack et al. 2003) . Trichome density was determined in 20 randomly selected microscopic fields of view using a 10× magnification. The thickness of the epidermis and cuticle was measured in 20 randomly selected microscopic fields of view using 100× and 40× magnifications for the native and invasive species, respectively. The thickness of the leaves, palisade and spongy mesophyll was measured in 20 randomly selected fields of view using 40× and 10× magnifications for the native and invasive species, respectively. Samples that were collected from the middle of the leaves were fixed in glutaraldehyde (2.5%) in 0.1 M cacodylate buffer (pH 7.2) and post-fixed using osmium tetroxide and 0.1 M cacodylate buffer (1:1). Then, the samples were dehydrated through an acetone series (30-100%), subjected to a critical point (CPD 030 BAL-TEC) and subsequently metalized using gold (LEICA -EM SCD500). The epidermis in front view was examined using a scanning electron microscope (FEI part of Thermo Fisher Scientific, model QUANTA 200FEG, Hillsboro, Oregon, USA).
Phenotypic variability measures
To explore the phenotypic variability of each species, a general CV for each attribute was calculated from all the data of the two seasons by species (Valladares et al. 2006) as follows: %CV = SD/TotalAv × 100, where SD is the standard deviation of TotalAv, and TotalAv is the average of each trait between both seasons. We calculate the confidence interval by Bootstrap confidence intervals tool in R program using 999 randomizations (Version 0.99.486-©-2009 .
Statistical analysis
Different individuals were considered replicates. The data were subjected to a factorial analysis of variance, and the means were compared using the Student Newman-Keuls test with a significance level of 5%. The physiological data considered the origin of the species (native or invasive) and season (dry or rainy) to be independent factors; the anatomical traits were the origin of the species, season and leaf surface (adaxial and abaxial). To reduce the experiment-wide probability of Type I error for multiple comparisons resulting from the simultaneous analysis of 41 traits, we used the procedure of Benjamini and Hochberg (1995) with an α of 0.05. We prefer this technique, which is valid for multiple nonindependent tests (Benjamini and Yekutieli 2001) , to the sequential Bonferroni correction, which has the drawback of greatly inflating the probability of Type II error. The data were analyzed using Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA).
Results
Physiological and anatomical measurements
Stomatal conductance (g s ) and transpiration rate (E) increased with the transition from the dry to the rainy season, and there were no significant species differences (Table 1) . Leaf water potential (Ψ) increased significantly with the transition from the dry to the rainy season; however, the invasive species had relatively higher values in the dry period than the native species (Table 1) . Net photosynthetic rate was higher in the invasive species, and both species exhibited significant increases during the transition from the dry to the rainy season (Table 1) . Reductions in WUE were observed with the increasing water availability; the invasive species had higher WUE in the dry season in the morning than the native species (Table 1) .
Soluble sugars in the native species had higher concentrations in the dry season (Table 1) . Chlorophyll a concentration increased from the dry to the rainy season (Table 1 ). Malondialdehyde concentration decreased with the transition from the dry to the rainy season (Table 1) . Superoxide dismutase activity in the native species exhibited values that were 12-fold higher than those of the invasive species (Table 1 ). The invasive species had higher FAA concentrations during both seasons and exhibited a 35% increase in the rainy season (Table 1) . Chlorophyll b concentration increased in the rainy season; however, the native species had a concentration that was 19% higher than the invasive species (Table 1) . Total soluble protein content was 70% higher in the invasive species (Table 1) . Carotenoid concentration was higher in the native species (Table 1) . L-Ascorbate peroxidase activity was higher in the invasive species (Table 1) . Starch concentration increased only during the rainy season in the invasive species (Table 1) . Chlorophyll a/b was higher in the invasive species in both seasons, and this index decreased in the native species during the rainy season (Table 1) . Polyphenol oxidase activity was 150% higher in the native species (Table 1 ). In the dry season, the proline concentration increased 13× in the native and 2× in the invasive species, respectively (Table 1) . The Chl/Car ratio was higher in the invasive species in both seasons and increased in both species in the rainy season (Table 1 ). In the rainy season, the potassium concentration was higher in the invasive species (Table 1) . The POD activity was 3× higher in the native species (Table 1) .
Anatomically, both species have a uniseriate epidermis, a dorsiventral mesophyll and stomata on both leaf surfaces ( Figures 1A, B and 2A-H) . However, the invasive species has a more compact mesophyll that is characteristic of plants in dry environment (Figures 1 and 2) . Epicuticular wax in both species
Tree Physiology Online at http://www.treephys.oxfordjournals.org is of the rosette type ( Figure 1C and D) . The native species has cells with sinuous walls and trichomes that are located only on the margin of the leaf, whereas cells of the invasive species have straight walls and trichomes that are distributed across the leaf surface (Figures 1E, F and 2I-P).
The native species had a significantly higher stomatal density and stomatal index on both leaf surfaces during both seasons than the invasive species (Table 2 ). In addition, the abaxial surface of both species had a higher stomatal density and stomatal index ( Figure 2 and Table 2 ). The native species had a higher stomatal pore index on the abaxial surface in the dry season, whereas in the invasive species it was significantly higher on the adaxial surface in both seasons. The density of epidermal cells on the abaxial surface was higher in the invasive species in both seasons. Stomatal width was higher in the invasive species in both seasons. The invasive species had a higher stomata height, stomata area, stomatal complex, trichome density and cuticle thickness than the native species. The invasive species in both seasons had a higher abaxial epidermis in comparison with the adaxial. The invasive species had a greater thickness of palisade and spongy parenchyma, total mesophyll and cuticle in both seasons than the native species. The invasive species increased the palisade and spongy parenchyma, total mesophyll and cuticle in the transition of the dry to the rainy season.
Phenotypic variability measures
Some traits were more variable in the native species; for instance, the water potential in the morning, chlorophyll a/b, chlorophyll/carotenoids, APX (Table 3 ) and other traits were more variable in the invasive species, such as WUE in the morning, starch and SOD (Table 3) . However, the invasive species has a higher change in adaxial surface in several anatomical attributes, such as stomata width and height, stomata area and Tree Physiology Online at http://www.treephys.oxfordjournals.org epidermal thickness, in addition to greater variability in palisade parenchyma thickness, spongy parenchyma thickness, mesophyll thickness and leaf thickness. Nevertheless, the native species has higher variability in stomatal index, stomatal density and stomatal pore index only on the adaxial side (Table 4) .
Discussion
Physiological and anatomical measurements
During the transition from stressful dry conditions to the favorable ones in the rainy season, both species showed significant increases in g s and E. This resulted in a decrease in WUE when water was not a limiting factor. This result suggests that these species do not differ in stomatal closure, which is one of the first response mechanisms when subjected to water restrictions, as has been reported for several woody species (Rivas et al. 2013 , Falcão et al. 2015 . Prosopis juliflora showed full re-hydration during night time, as can be verified by the water potential values measured in the morning in the dry season did not differ in the rainy season, likely because of a deep root system (Andrade et al. 2008) , allowing the exploitation of deeper soil layers. The recovery of leaf water potential in P. juliflora may be related to phreatophyte traits of this species (i.e., deep-rooted system that can access groundwater, via the capillary fringe, to satisfy at least some proportion of their environmental water requirement; Hultine et al. 2003) . A root system that extends to deeper soil horizons can be beneficial to plants in seasonally water-limited environments, such as that experienced in Mediterranean-type climates with hot, dry summers (Richards et al. 1995 , Groom 2004 . Thus, studies of Prosopis velutina in riparian ecosystems suggest that the absolute water table depth may effectively determine the expression of various physiological and morphological traits in the invasive species (Stromberg et al. 1992) . Phreatophytic plants in water-limited environments can often be identified by the presence of evergreen foliage, maintenance of high predawn leaf water potentials and high transpiration and leaf growth rates despite water deficits in the vadose zone (unsaturated soil horizons) during the dry season or prolonged drought (Poole and Miller 1975, Murray et al. 2003) .
The invasive species exhibited a relatively higher WUE in the dry period that may be related to the presence of trichomes on leaves, a thicker epidermis and cuticle that decreases water loss through leaves (Sandquist and Ehleringer 1998, Bosabalidis and Kofidis 2002) . Moreover, the higher net photosynthetic rate, enabling high WUE, may be associated with higher concentrations of Chl a/b and Chl/Car values and the thickness of the mesophyll (Table 1) , which supports the photosynthetic machinery (Oguchi et al. 2003) .
While a higher SS concentration in the native species may facilitate the scavenging of reactive oxygen species (Keunen et al. 2013) , the maintenance of lower SS concentrations in the invasive species may be related to increased starch storage allocation during favorable periods, which was observed during the rainy season (Table 1) . Our results of antioxidant enzymes showed higher activity in three of the five evaluated enzymes (SOD, POD and PPO) in the native species, while the invasive species showed higher activity in APX. These results suggest that the activity of the enzymes is a peculiar characteristic of individual species.
Regarding the indicators of oxidative stress, the hydrogen peroxide concentrations did not change in both species; however, higher concentrations in MDA in the dry season suggest damage in cell membranes. Membrane damages may indicate a photochemical limitation in net photosynthetic rate beyond that due to stomatal limitation in the dry season, since the thylakoid membranes are sensitive to oxidative stress (Bertolli et al. 2012 ). An additional result indicating that the native species suffered more intense oxidative stress was the higher content of the osmoprotectant proline, which contributes to attenuate stressful conditions, resulting in higher cellular homeostasis. Proline accumulation is a compensatory mechanism, allowing plants to face stressful periods, performing as an osmotic regulator, maintaining reserves of carbon and nitrogen, and stabilizing protein synthesis by scavenging reactive oxygen species (Dolatabadian et al. 2008, Kavi Kishor and Sreenivasulu 2014) . Table 3 . CV and confidence intervals (CIs) of the leaf physiological attributes of native (Anadenanthera colubrina) and invasive (Prosopis juliflora) plants as observed under field conditions in dry tropical forest under seasonal variation. The values represent the CV of all data of two seasons [n = 10; CV% (CI%)]. The designation for statistical difference is placed on the species with the highest CV. 1 Indicate differences between periods (morning and afternoon) in the same species. 2 Indicate differences between species.
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The stomatal parameters revealed that the native species exhibited a higher variability of stomata per unit area, whereas the invasive species changed its stomatal dimensions in response to environmental conditions ( Table 2 ). The native species exhibited a higher number of small stomata, whereas the invasive species had a smaller number of large stomata. However, when the product of stomatal density and stomatal area was calculated, the invasive species exhibited higher total leaf stomatal area (0.079 versus 0.061 in the native species) in the rainy season, and a significantly higher stomatal pore index in the adaxial surface, indicating a greater stomatal conducting capacity of the leaf, which may improve gas exchange. During the dry period, however, the species did not differ in the total leaf stomatal area. Moreover, the invasive species showed a reduction in the leaf mesophyll thickness under stressful conditions, which indicates a strategy to reduce transpiration (Bosabalidis and Kofidis 2002) .
Phenotypic variability analysis
Reductionist analyses, focusing on individual traits (morphological or physiological) or only on plasticity, have shown conflicting results, e.g., some studies have indicated higher plasticity in invasive species (Niinemets et al. 2003 , Davidson et al. 2011 , whereas others have not (Peperkorn et al. 2005 , Funk 2008 ). The present results show a clear pattern of greater phenotypic variability in the invasive species in the anatomical traits, allowing for greater water conservation, which is extremely important in tropical dry forest, where severe water limitation and high radiation are common. This higher phenotypic variability in stomata area, epidermal thickness, stomata width and height on the adaxial side combined with a greater variability of traits, such as palisade parenchyma thickness, spongy parenchyma thickness, mesophyll thickness, leaf thickness, starch and WUE, supports the hypothesis that invasiveness of the exotic species is enhanced by its capacity to adjust to conditions of lower water availability. This leaf plasticity may support the stability in traits such as water potential, chlorophyll a/b and Chl/ Car. Nascimento et al. (2014) suggest that P. juliflora is a serious threat to native species of the Brazilian caatinga vegetation, and our study indicated some biological traits that may be key in the success of this species in an environment with strong water deficit.
The performance of plants can be challenged by variable environmental conditions. More than just a single trait, stability is a phenomenon emerging from plasticity, diversity and complexity expressed by a single individual or by a whole community, as proposed limitation in the 'quadruped-scheme' by Souza and Lüttge (2015) . In this model, plasticity amplifies the acclimation capacity of the plants, allowing them to properly face environmental disturbances. However, the outcomes from the plasticity of plants can have a variety of effects on communities; plasticity can thus support or impede biodiversity. Plasticity can allow plants to occupy different niches, increasing the local diversity. On the other hand, plasticity can lead a more adaptive genotype to overcome other genotypes through competition, reducing the local diversity (Souza and Lüttge 2015) . Table 4 . CV and confidence intervals (CIs) of the leaf anatomical parameters of native (Anadenanthera colubrina) and invasive (Prosopis juliflora) plants as observed under field conditions in dry tropical forest under seasonal variation. The values represent the CV of all data of two seasons [n = 40; CV% (CI%)]. The designation for statistical difference is placed on the species with the highest CV. 1 Indicate differences between periods (morning and afternoon) in the same species. 2 Indicate differences between species.
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In summary, we found that net photosynthetic rate in the invasive species was consistently higher than in the native species between seasons. Higher values of water potential of the invasive species than those of the native species in the dry season indicate a more efficient mechanism for water regulation in the invasive species. Indeed, our results suggest that in addition to P. juliflora having traits of phreatophytes, it has other traits that allow it to tolerate semiarid environments, since our study was conducted in an area away from the influence of any waterway and high water table. The invasive species also exhibited thicker cuticle and trichomes, which can reduce transpiration. In combination, the increased epidermal thickness and decreased thickness of the parenchyma in the dry season contribute to water saving.
Finally, we have observed a higher variability in anatomical traits in the invasive species as a response to seasonality, whereas physiological traits did not present a clear pattern of response. Therefore, our initial hypothesis was partially corroborated, since the higher phenotypic plasticity of P. juliflora was observed only in anatomical traits. However, as discussed above, the anatomical changes may have supported the maintenance of the physiological performance of the invasive species between the seasons, promoting its growth and competitive dominance over the native species.
